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It is well known that many physical properties of crystals dependent upon the previous history of the specimen, the presence of impurities and other structural defects 1. In ionic crystals that have been treated to obtain a relatively large number of lattice defects, small dielectric loss maxima have been ob served in the kilocycle region 2> 3. The effect was at tributed to pairs of associated lattice defects con sidered as dipoles.
In this paper we have studied the dielectric prop erties of a solid consisting of polar molecules in their dependence on structural faults. As an example we have chosen 1,4-Butandiol. 
Experimental
The real part e of the complex dielectric constant E* = e -je" and the loss tangent tand = £ /e were determined in the frequency region 103 to 106 Hz, using a Q-Meter (Figure 1 ). The apparatus is equiped with a variable frequency oscillator and a series-resonant circuit the L and C elements of which are also variable. The Q-Meter is well suited to capacitance measurements at high frequency by means of the substitution method. In addition the Requests for reprints to Dr. B. Hinopoulos, National Tech nical University of Athens, 42, Patission Str., Athens 147, Greece. range of measurements can be extended down to very low frequencies through use of an external L.F. oscillator in place of the oscillator of the Q-Meter. The measuring equipment also includes a set of calibrated coils, a peak voltmeter and a micro meter capacitor.
The measuring cell functions as a capacitor con nected in parallel across the variable capacitor of the Q-Meter. With the addition of one of the calibrated coils the system forms a series resonant circuit. The Q factor and the tuning capacitance of this circuit are first measured with the empty cell ($o? Co) anc^ then with the dielectric added to the cell (Q,C). e and the loss tangent of the sample have been cal culated by means of the formulas:
where AC = C -C 0, AQ = Q -Q 0, C0 = 1/4.t2 f~ L, f = the frequency, L = the inductance of the coil used and Ca = the active capacitance of the measuring cell (Ca = lp F ) .
The cell was calibrated with liquids of known di electric constant and the temperature controled by a LAUDA thermostatic circulator, with control ac curacy ± 0.2 °C.
The accuracy of the measurements was 2% for £ and about 3% for the loss tangent.
The substance under investigation (1,4-Butandiol) was obtained from Fluka Company with a purity better than 99% by weight. 1,4-Butandiol solidifies at about 5 °C and the measurements were taken for each frequency from higher to lower temperatures. t r Fig. 2 . Variation of e' with temperature of 1,4-Butandiol at 100 kHz. In the solid state the material was frozen be tween the fixed plates of the measuring cell, so that the amount of material between the plates did not change with temperature (density).
Results and Discussion
The results of the measurements are shown in Figs. 2, 3 and 4. The great change of e at the melt ing point (Fig. 2) shows that 1,4-Butandiol is a polar molecule which aquires freedom of rotation on melting.
The maximum of tan d and accompanying de crease of £ at 6 kHz ( Fig. 3) indicates the existence of a dielectric relaxation process. From Fig. 4 it is 1 C. P. Smyth, Dielectric Behavior and Structure, McGrawHill, New York 1955 , Chapter V. 2 R. G. Breckenridge, J. Chem. Phys. 18, 913 [1950 . clear that the dielectric loss increases with the rate of solidification and consequently with the number of structural faults in the solid.
The loss maximum may be used to determine the activation energy for the mechanism of polarization by means of the simple formula 4 2jiv-Xq = exp { -U/kT} where v is the frequency at maximum loss, r 0 the time constant of the lattice vibrations (the order of IO-13 sec) and U the activation energy of the proc ess. The value of U thus calculated is 0.36 eV. It seems likely that the polarising units of the low frequency dispersion are some of the existing elec tric dipoles with a freedom of orientation as a con sequence of lattice deformations.
